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Is,.AIISTRACT

A contract was arranged between the U.S. Department of Defense and Merck & Co., Inc.
* to prepare on a feasability basis 20 gus. of meningococcal polysaccharide vaccine,
* ~type C and on a best-effort basis up to 20 gus. of meningococcal polysaccharide£

vaccine, type A. The methodology for general vaccine preparation and control testing
was established by the U.S. Army and was supplied to Merck & Co., Inc. in the form
of specifications. The duration of the- contract was from October 6, 1970 to Decem-
ber 33, 1971. The contractual committment was met on schedule.

Slightly more than 20 gus. of meningococcal polysaccharide vaccine, type C was pro-
* duced (413,350 x 50 mcg doses). The material was produced as eight separate lots,

each of which met the specifications of the contract. They were delivered to
Dr. M. Artenstein, Walter Reed Army Institute of Research,,-as lyophilized formulations
Release protocols describing the preparation and control testing procedures and re-
suits for each of the lots accompanied the vaccines. A summary of the lot nunbers
and quantities delivered is as...olovsý: to I
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13. Abstract- (cont'd.)

Lot No. Total No.
Material Number Doses/Lot Doses

(J Meningococcal 419/C-A258 48,600
Polysaccharide 420/C-A259 49,700
Vaccine, Type C 421/C-A260 58,000

422/C-A261 55,550
423/C-A262 48,950
424/C-A263 34,650
4261C-A265 64,950
438/C-A406 52,950 413,350

Additionally, slightly more than 5 gms. of meningococcal polysaccharide vaccine
type A was produced (101,500 x 50 mcg doses). The material was produced as two
separate lots, each of which met the specifications of the contract. They were
delivered to Dr. M. Artenstein, WRAIR, as lyophilized formulations. Release
protoco:s describing the preparation and control testing procedures and results
for each of the lots accompanied tne vaccines. A summary of the lot numbers
and quantities delivered is as follows:

Lot No. Total No.
Material Number Doses/Lot Doses

Meningococcal 439/C-A453 48,000
Polysaccharide 440/C-A455 53,500 101,500
Vaccine, Type A

In addition to the vaccines, sufficient diluent (pyrogen-free distilled water
without preservative) for resuspension of the lyophilized vaccines was pro-
vided in the form of four separate lots (548,500 x 50 mcg doses). These were
sent to Dr. M. Artenstein, WRAIR. Certificates of Analysis, presenting the
results of control testing for each of the lots were included with the diluent
.shipments. A summary of the lot numbers and quantities delivered is as follows:

Nb. Rehydration
Material Lot No. Doses

Diluent (Pyrogen-free 440064/20438/C-A467
Distilled Water) 437717/18327/C-A484

437718/18328/C-A485
440065/20440/C-A590 548,500
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Abstract

A contract was arranged between the U.S. Department of Defease and Merck &
Co., Inc. to prepare on a feasability basis 20 gins. of meningococcal polysacchzride
vaccine, type C and on a best-effort basis up to 20 gis. of meningococcal poly--
saccharide vaccine, type A. The methodology for general vaccine preparation and
control testing was established by the U.S. Army and was supplied to Merck & Co.,
Inc. in the form of specifications. The duration of the contract was from

" "October 6, 1970 to December 31, 1971. The contractual committment was met on

r schedule.

Slightly more than 20 gas. of meningococcal polysaccharide vaccine, type C
was produced (413,350 x 50 mcg doses). The material was produced as eight separate
lots, each of which met the specifications of the contract. They were delivered
to Dr. M. Artenstein, Walter Reed Army Institute of Research, as lyophilized
formulations. Release protocols des.cribing the preparation and control testing
procedures and results for each of the lots accompanied the vaccines. A stummary
of the lot numbers and quantities delivered is as follows:

Lot No. Total No.
(- Material Number Doses/Lot Doses

Meningoccccal 419/C-A258 48,600
Polysaccharide 420/C-A259 49,700
Vaccine, Type C 421/C-A260 58,000

422/C-A261 55,550
423/C-A262 48,950
424/C-A263 34,6-50
426/C-A265 64,950
4381C-A406 52,950 413,350

AddJtionally, slightly morc than 5 gis. of meningococcal polysaccharide vaccine
type A, was produced (101,500 x 50 mcg doses). The material was produced as two
separate lots, each of which met the specifications of the contract. They were
delivered to Dr. M. Artenstein, WRAIR, as lyophilized formulations. Release
protocols describing the preparation and control testing procedures and results
for each of the lots accompanied the vaccines. A summary of the lot numbers and
quantities delivered is as follows:

Lot No. Total No.
Material Number Doses/Lot Doses

Heningococcal 439/C-A453 48,000
Polysaccharide 440/C-A455 53,500 101,500
Vaccine, Type A
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In addition to the ,;accines, sufficient diluent (pyrogen-free distilled
water without preservative) for resuspension of the lyophilized vaccines was
provided in the fozm of four separate lots (548,500 x 50 mcg doses). i>.se
were sent to Dr. M. Artenstein, WRAIR. Certificates of Analysis, presenting
the results of control testing for each of the lots .ere included with the
diluent shipments. A summary of the lot numbers and quantities delivered
is as follows:

No. Rehydration

Material Lot No. Doses

Diluent (Pyrogen-free 440064/20438/C-A487
Distilled Water) 437717/18327/C-A484

437718/18328/C-A485
440065/20440/C-A590 548,500

I
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Preparation and Research on Meningococcal Vaccines

A contract between Headquarters, U.S. Army Medical Research and Development
Command and Merck & Co., Inc. to prepare 20 gin. of meningococcal polysaccharide
vaccine, type C and up to 20 gm. of meningococcal polysaccharide vaccine, type
A, on a best-effort basis, was approved on October 6, 1970 for a time period of
15 months (December 31, 1971). This report constitutes the final report for
the project.

A. Meningococcal Polysaccliaride Vaccine, Type C

1. Growth and Isolation Studies

a. Growth studies. Production of Type C meningococcal polysaccharide
vaccine started the wee!: of 12/21/70 in shake-flasks while awaiting
the construction of a pathogen facility to house the 100-liter fer-

mentor which ultimately was to be used in the fermentation of the
organisms. The rulture used was Neisseria meningitidis Cli ob-
tairn-d ft-om WRAIR. Two-liter flasks containing I liter of Watson-
Scherp me`Slu-n on a rotary •haker served as the production vessels.
1inae.y-!'it, r t-tches were prepared in this manner each week, termina-

ý-,ng ti-e •, 5/3.7:,

".he 100-1,re,. fermentor (Chempac, obtained from Squibb) became

operativ.. o(,. 5/10/71. Through the week of 6/24/71, a total of 15
", atches of 100-liters each was 7roduced. The first batch was dis-
carded because the cell yield was low because of insufficient

- ag. ,tion during growth and two other batches were lost to con-
tamination and mechanical failure. Thus, a total of 12 batches was
delivered for chemical isolation. The fermentor procedure varied

from the shake-flask procedure in that a pastaurization step of
600 C for 30 minutes was used at the end of the fermentation cycle
and prior to the Cetavlon precipitation step. Also, antifoam was
used in the fermentor.

Table I lists the shake-flask production batches and Table II lists
the fermentor batches.
(V.) Shake-Flask Procedures

(a) Medium and Inoculum

A tube containing the lyophilized culture of Neisseria
meningitidis, type C-11 was opened and Watson-Scherp
medium was added. The culture was streaked on Mueller-
Hinton agar plates and incubated at 370 C L. a candle jar
for 18 hours. The organisms from the agar plates were
transferred to fresh plates of the same medium and in-
cubated at 370 C in a candle jar for 18 hours. Tem ml of
medium were added to each plate; the cultures were sus-
pended in the broth and aliquoted in 2.0 ml amounts
distributed into 5.0 ml screw-cap vials and frozen at
-70°C as master pre-seed stock. The frozen culture was
used to inoculate Mueller-Hinton agar plates which were
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L) incubated for 16 hours at 37°C in a candle jar. Growth
from a plate was suspended in 5 ml of Watson-Scherp
-medium and transferred to a 250 ml Erlenmeyer flask
containing 60 ml of Watson-Scherp medium. Each 250 ml
flask inoculated was incubated for 4 hours at 370 C on
a rotary shaker at 120 rpm. At the end of 4 hours,
10 ml of this culture were transferred into another
250 ml flask containing 60 ml of Watson-Scherp medium
and incubated for 4 hours at 371C at 120 rpm. The
contents of each 250 ml flask were used to inoculatel-liter of Watson-Scherp, medium in a 2-•lter Erlen-
meyer flask.

(b) Incubation

The 2-liter shake-flasks were incubated for 16 hours
at 370C on a rotary shaker at 120 rpm. At the end of
16 hours incubation, one-half of the flasks were picked

at random and checked microscopically and with a gram-
stain. The pH was adjusted to 6.8 with 1.ON NaOH(~ 2 ml
per flask) and 10 ml of 102 Cetavlon were added per
2-liter flask. The 2-liter flasks were shaker for at
least 1 hour at 120 rpm to allow time for the detergent
to sterilize the culture. The contents of the flasks
were pooled in 5-gallon jugs and permitted to remain

( stationary for an additional 1/2 hour. Sterility checks
were performed on the material in the 5-gallon jugs.

(c) Fermentation Results

The average yield of cell paste was about 1.5 g/liter in
batches 1-13. A study of the effect of aeration indicated
a shaker speed increase to 200 rpm markedly increased cell
weight. Thus, from batch 14 through 42, the increased
aeration produced cell paste yields of approximately 2.4
g/liter. The shaker used had a throw of 2 inches and the
200 rpm change also was applied to the inoculum flasks.

Table I tabulates the cell weights on all the shake-flask
batches produced.

(2) One-Hundred Liter Fermentor Procedure

(a) Inoculum

A frozen culture of Neisseria meningitidis C-I. was used
to inoculate Mueller-Hinton agar plates which were incu-
bated for 16 hours at 370 C in a candle jar. Growth from
a plate was suspended in 5 ml of Watson-Scherp medium
and transferred to a 250 ml Erlenmeyer flask containing
60 ml of Watson-Scherp medium. Each flask (total of 20)
was incubated for 4 hours at 370 C on a rotary shaker at
200 rpm. At the end of 4 hours, the contents of four
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250 ml flasks were used as inoculum for a 2-liter
flask containing 800 ml of Watson-Scherp medium.
Five 2-liter flasks were incubated for 3-4 hours
at 370 C at 200 rpm and the 5 liters were used as
inoculum for the 100-liter fermentor.

(b) Medium

The following was added to the fermentor and steri-
lized for 60 minutes at 121°C:

400 ml of 8% UCON LB625 lubricant
317 mg Phenol Red
265 gm Na2EPO4brouglt up to 88 liters with distilled water

The LB625 lubricant was pre-sterilized for 60 minutes
at 1210 C before addition to the fermentcr.

The following concentrate was filter-sterilized into
the sterile fermentor:

Casamino Acids 1080 gm
Dextrose 540 gm

MgS04.-7H20 70.2 gm
KC1 9.9. gm
L-Cysteine-HCl monehydrate 2.178 gm
taken up to 9 liters with distilled water

A Horm press using D-8 filter pads was used as a pre-
filter and a 293 mm Millipore used as the final filter.

(c) Fermentation Results

The fermentation cycle used for Neisseria meningitidis
t-11 was a period of 16 hours. Aeration was f'und to
be critical and an air flow of 2 CFM under I PSI with
an agitator setting of 75 was used for all batches
delivered. The average cell yield was 2.8 g/liter,
with a 16 hour cycle using a 5Z inoculum with tempera-
tures controlled at 370 C + 10 C.

At the end of the fermentation cycle the batch was pas-
teurized for 1/2 hour at 60 0C. The broth was adjusted
to a pH of 6.8 and then harvested into 5-gallon jugs
con.taining 10 ml .-f 10% Cetavlon per liter of broth.
The material was delivered for recovery of final product
after being in contact with Cetavlon for a minimu:. time
of 1 hour.

, i t
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C) Figure I relates O.D., pH and glucose utilization of
Neisseria meningitidis C-11 during a typical 16 hour
cycle in the 100-liter fermentor.

b. Isolation Studies

(1) Process Selection

Three variations of the isolatiou method were available and
each one was tried. The most successful method, the one
published by the WRAIR group, Sanford Berman, et al., [In-
fection and Immunity 2, 640-3 (1971)] was adopted and used
to produce all of the delivered material. Personal dis-
cussions with these authors during the course of the work

proved to be very helpful.

Another isolation method studied was described in the
Protocol received directly from Dr. J. P. Lowenthal. It
differed from the adopted method in only one respect;

before the final alcohol fractionation steps, the product
was dissolved in saturated sodium acetate solution, pre-
cipitated with alcohol, redissolved in water and repre-
cipitated with alcohol. This may have converted the
product from the calcium salt to the sodium salt but it
was not analyzed. This method was tried on shake-flask
batches 9-15. The average yield was 1.04 g/100 liters of
"broth and the products were pyrogenic. Also, the isolation
method described by E. C. Gotschlich, et al., J. Exp. Med.
129, 1349-1364, 1969 was carried out. It differed from the
method adopted in three respects. First, the sodium to
calcium conversion step mentioned above was included and
the product was analyzed and found to be the sodium salt.
Second, the crude polysaccharide was dissolved in sodium
acetate solution instead of water and subjected to ultra-
centrifugation before the chloroform emulsification steps.
Third, the emulsifications were done on this sodium acetate
solution instead of on a water solution. This method was
tried on combined shake-flask batches 3 and 5. The yield
was 1.65 g/100 liters and again the product was pyrogenic.

None of the products of these alternate processes were
submitted for formulation.

(2) Process

Step #1. Wet Cell Collection

The broth was centrifuged in a turbine-driven Sharples
centrifuge using a number 1-H standard clarifier bowl and
revolving at 50,000 RPM and a flow rate of 30-40 liters/hour.
The centrifugation of the broth was followed with a wash of

1 liter of pyrogen-free water. The clear filtrate was
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l •- "discarded and the insoluble cake weighed and frozen.

Step #2. Water Wash of Cells

Batches of frozen precipitate were combined as shown in
Table I, suspended in 600 ml of pyrogen-free (PF) water
and warmed to 50 C. The suspension was stirred with a
Sorvall Omni-Mixer at a speed satting of 2 for 20 min.
at 50C. The mixture was centrifuged in 500 ml stainless
steel cups in a Lourdes Model LRA centrifuge with a 3RA
head at 6,000 RPM for 20 mn. at 50 C. The wash was dis-
carded.

Step #3. Extraction with CaC12 Solution

Washed cells were stirred in 600 ml of IM CaC1 2 "2H20
solution with an Omni-Mixer at a speed setting of 6 for
30 minutes. The mixture was centrifuged in the Lourdes
at 6,000 RPM., 50 C, for 30 min. The clear supernate was
decanted and saved. The cake was extracted three addi-
tional times by the same method except that the Omni-Mixer"1was operated at a speed setting of 2 for 15 main. and the

time of centrifuging was 15 min., 15 min. and 40 min.,
respectively. AlL four extracts were combined and the residual
insoluble material discarded.

Step A. Ethanol Precipitation (25%)

To the combined CaC12 extracts were added 800 ml of de-
natured absolute ethanol (2BA). The solution was allowed
to stand in the refrigerator overnight. The 25% ethanol
solution was then centrifuged in the Lourdes as before and
the precipitate discarded.

Step #5, Ethanol Precipitation (80%)

The clear solution from Step #4 was adjusted to 80% ethanol
by the addition of 8.8 liters of 2BA. The solution was
allowed to stand at 50 C for a minimum of 3 hours. The pre-
cipitate was collected by vacuum filtration using a 24 cm.

* Buchner funnel set with two sheets of Reeve Angel #230 paper.
The insoluble cake was washed with about 200 ml of absolute
ethanol Followed by 200 ml acetone and was dried in vacuo in
a desiccator over CaC1 2 . The dried product was weighed.

SSte M6. Chloroform Emulsification (Sevag)

The dry product from Step #5 was dissolved in 500 ml of
pyrogen-free water and centrifuged in an International
clinical centrifuge. The small amount of insoluble material
was discarded. A 400 ml portion of chloroform was added and
the mixture stirred with an Omni-Mixer at a speed setting of
2.0 for 30 minutes maintaining the 50 C temperature with an ice
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bath during mixing. The mixture was centrifuged in the
Lourdes at 6,000 RPM for 20 minutes using polyethylene
bottles. The clear water layer was siphoned off from
the emulsion and the water treated 3 additional times
with 400 ml portions of chloroform. The clear chloroform
layers were discarded and emulsions at the interface saved
for future work-up.

Step #7. Second Ethanol Precipitation

To the water layer after Sevaging (400 ml) were added
1,600 ml of absolute ethanol. The suspension was allowed

4 to stand overnight at 50 C and the precipitate collected
by centrifugation in the Lourdes centrifuge as before.
The precipitate from several of the batches was dried in

*1vacuo for evaluation of yield at this step.

Step #8. Second Extraction with CaC12 Solution

The precipitate was extracted with portions of 0.02M CaC12
solution until a total of 300 ml of extract was obtained.
Each extract was centrifuged in an International centrifuge

and the final dark precipitate was discarded.

Step #9. Ultracentrifugation

The aqueous extract was clarified by centrifugation in a
Beckman Model L centrifuge using a #30 head at 30,000 RPM
for 2 hours at 5°C. The pellet was discarded. The clear
solution, approximately 250 ml., was diluted with about
100 ml of absolute ethanol (31-35%) which produced opalescence.
The solution was again clarified by ultracentrifugation and
the second pellet discarded. The clear solution was diluted
with sufficient ethanol to again produce opalescence (35-38%).
The opalescent solution was clarified a third time by ultra-
c3ntrifugation as above for 5 hrs. The third pellet was
discarded. The final clear solution, approximately 363 al.,

was diluted with 10 ml of neutral saturated sodium acetate
solution then with absolute ethanol to a total of 3 volumes.
The solution was allowed to stand and the precipitate settle

out at 5oC.

Step #10. Final Product

The insoluble product was recovered by decanting as much
clear solvent as possible. The suspension was transferred to
a 40 ml centrifuge tube and centrifuged in an International
centrifuge and the clear solution decanted. The precipitp:.e
was washed thoroughly with 2 x 40 ml of absolute ethanol
followed by 2 x 40 ml of acetone. The product was dried in
vacuo in a desiccator over CaC1 2 . The final dried product
was weighed (Ttole I). Samples of each of the final products

S- • • .... • .... • • p-V - , 't ; &.-- r-- ¥ :c .• ' -p.•-• • _...__ ...
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C Step #10. Final Product (cont.)

were submitted for analyses. A total of 42 batches of shake-
flask brcth was produced and the data col1ected are given
in Table I. The data for the 13 fermentor batches produced
are given in Table II. A total of 27.4 g of product was
prepared for formulation into final vaccine.

(3) Delivery of Lots for Formulation into Final Vaccine.

The final isolation product was combined into batches con-
taining approximately 3 g and delivered for formulation into
final vaccine as outlined in Table III.

(4) Analyses

Assa Method SDecification

Sialic Acid Svennerholm* m=n. 75%
Protein Lowry max. 1%
Nucleic Acid UV Spectroscopy max. 1%
Pyrogens 3 rabbits 2.5 Ug no more than 0.5 0 C

I.V. each average rise, no
more than 1.0°C
rise in any single
rabbit

Molecular Weight (a) Sephadex G-200 Bulk of sialic acid
Chromatography in void volume

(b) Sepharose 4B** None
Chromatography

*All samples except the first two shake-flask batches were
assayed against a sialic acid standard from Cal-Biochem.
The specifications are N = 4.44% (98% of theory) and h•omo-
genous by chromatography.
Analytical results of all deliveries for formulation are
listed in Table IV.

** Sepharose Ue Molecular Weight Determinations

One of the specifications for acceptance of polysaccharide
for vaccine preparation required the polysaccharide to be
ik the void volume of a Sephadex G-200 column indicating a
molecular weight of greater than 200,000. Ail of the prepara-
tions combined for shipment and further processing to the
vaccine stage passed this requirement as measured by the
sialic acid content of the column charge compared to the
total sialic acid in the void volume. To determine the
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actual molecular weight of these fractions, Sepharose
4B was used. According to literature and descriptive
information from Pharmacia, the manufacturer of Sepharose,
this gel would permit molecular weight determination in
the expected range.

The procedure followed for the preparation of the gel and
column packing was taken from booklets published by
Pharmacia titled, "Sepharose Agarose Gels in Bead Form"
and "Calibration Kit Instruction Manual."

Columns were prepared using the following:

Buffer - .05M Tris HC1, pH 7.4
Column Size - 2.5/45 purchased from Pharmacia
Gel - Sepharose 4B purchased from Pharmacia
Flow - Gravity 15 mi/hx with Mariotte flask adjustment
Hydrostatic Head - 140 cm
Recording Refractometer - Waters R4, cell size .07 m.,

attenuation6 2X
Calibration - Blue Dextran (M.W. 2xl06 ), Dgxtran T500

(5x!0 5 ) Dextran TIS0 (1.5x10 ) sodium
acetate, calcium chloride. Charge - 10 mg of sample in 3.0 ml buffer

Fraction Size - 2.4 ml
K_ Line Holdup - 4.8 ml

The calculation of the molecular weights of the sample
was determined from the formula:

Ka = Ve -Vo
Vt- Vo

Ve = elution volume
Vo = elution volm.e for Blue Dextran
Vt = total bed volume

Molecular weight was determined from a graph of the
K value of the standards plotted against the log M

The data listed in Table V were obtained for each of
the batches delivered for formulation, a sample of poly-

saccharide produced by Squibb and a sample isolated from
Fermentor Batch #3. This last sample is an example of
lower molecular weight material. The broth from Batch #3
was pasteurized for 60 minutes while subsequent batches
were pasteurized for 30 minutes and this may account for
the lower molecular weight. This sample was not submitted

• .for vaccine preparation.
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The attached figures were made from the refractometer
recording of the elution pattern cf the sample.

Figure 12 - Records the Blue Dextran and T500 standards
used for molecular weight calibration.

Figure #3 - Sample OOGlO refractive index recording and
sialic, acid assays of the individual 2.4 ml
fractions.

Figure #4 - Sample OOG15 - fermentor product
Figure #5 - Sample 00G16 - shake flask product
Figure #6 - Fermentor #3 product

(3) Process Studies

Efforts were made to study the adopted process and
scale-up to process 200 liters of broth.

Step #1. Wet Cell Collection

The harvesting of the broth by centrifugation was
initially made after the broth was sampled and checked
for the effect of treatment with Cetavlon. By this
procedure, the broth stood overnight at 50 C awaiting
the report of viability by the fermentation group.
Sufficient evidence was obtained to indicate that steri-
lization was complete after 2 hours of treatment with
Cetavlon. The broths were then delivered after this short
standing period rather than after overnight or weekend
refrigeration.

The clear centrifugate was checked for completeness of
precipitation by further addition of Cetavlon. No further
precipitation was observed.

Step 12.

The water wash of cells from batch 18/19 was lyophilized
and analyzed. The sialic acid content was 2% (S713-15A)
with a yield of 3.6g., thus, the loss at this step was
negligible.

Step #3.

The process of extraction with CaCl 2 was evaluated by
taking 5 ml of each of the extractions and treating each
according to the process. The weights of each of the
final 802 precipitates are recorded below:

#1 Extract (S711-5B1) - 40.5 mg - 65% of total



#2 Extract (S711-5B2) - 14.0 mg - 23% of total

#3 Extract (S711-5B3) - 6.1 mg - IOZ of total
#4 Extract (S711-5B4) - 1.4 mg - 2% of total

Four extractions were continued for the processing of all
batches.

Step #5

Additional ethanol was added to the filtrate after the 80%
fraction was removed by filtration and dried. No further
precipitation was observed.

Several batches of the crude product from this step were
analyzed in order to evaluate the extent of purification
obtained in the subsequent steps. The results are presented
in Table VI.

Step #6

Sevaging of the crude precipitate was studied by lyophiliz-
ing an aliquot at each stage and submitting the dry sample
for analysis. The results are presented in Table VII. From
these data it appears that Sevaging as a protein removing
step is not very efficient.

One experiment was run to study the possibility of elimina-
tion of Sevaging. A 200 mg sample of crude broth from
Step #5 was dissolved in 10 ml of 22 CaCl 2 and processed
directly through the ultracentrifuge steps. The final yield
was 71 mg, protein content 0.8%, but the sample gave a pyrogen
response of 1.9, 2.1 and l.7 0 C. This result indicated that
the S-vag procedure did remove pyrogenic impurities.

A 100 mg sample of the same fraction was dissolved in water
and made to 1% Cetavlon concentration by the addition of 10%
Cetavlon. The precipitate which formed was centrifuged, re-
covered and lyophilized. A total of 13 mg of insoluble
fraction was recovered with 72 mg in the soluble fraction
after dialysis to eliminate the Cetavlon. A sample of final
product was treated with Cetavlon and failed to give a pre-
cipitate. This indicated that the polysaccharide did not
form an insoluble Cetavlon salt. Thus, precipitation of
the product from whole broth with Cetavlon is not fully
understood.

Step #9

Several of the pellet fractions recovered from the opalescence
treatment with water and ethanol were reworked. A 2.lg pellet
from fermentor batches 8 & 10 was dissolved in 150 ml of water
containing 2% IN CaC1 2 . To the solution were added 100 ml of

I --- -. ----. _--.... ..
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C-) S'tep #9 (cont.)

absolute ethanol. This was centrifuged in the Beckr.-n
Model L centrifuge for 2 hours and to the clear soluble
fraction were added 5 ml of neutral sodium acetate solu-
tion, followed by absolute ethanol to a 75% concentration.
The solution was allowed to stand and the clear filtrate
decanted. The insoluble fraction was washed with ethanol
and acetone and dried in vacuum. The yield was 785 mg and
the sample passed all of the specifications. This indicated
that yields can be improved by recovering material from the
ultracentrifugation pellets.

(6) Stability

Since meanngococcal type A polysaccharide has been shown
to break down to lower molecular weight products, referenca
samples of this product were analyzed by the Sepharose 4B
method given in pgs .10 & 11. The observed molecular weight
was unchanged after storage in the desiccator at room
temperature for as long as 3 months. The samples tested
were deliveries 1, 4 and 8.

2. Formulation and Testing of Final Container Vaccine.

a. Vaccine formulation. The preparation of approximately 20 grams (413,
350 x 50 mcg doses, 0.5 ml each) of lyophilized Neisseria meningitidis
type C polysaccharide vaccine has been completed. The vaccine has
been delivered to Dr. M. Artenstein, WRAIR, along with release proto-
cols which describe the preparation and control testing of each of
the vaccine lots. The 20 grams were distributed in eight separate
lots (50 dose containers) and each passed all contract specifications
as well as control safety testing.

The control testing procedures followed for release of lot 438/C-A406
are presented in Indicies 1-10. Similar procedures were utilized in
the preparation and testing of the remak-aing seven lots (419/C-A258,
420/C-A259, 421/C-A260, 422/C-A261, 423/C-A262, 424/C-A263 and
426/C-A265).

(1) Rehydration and filtration of final isolation pool.

All glassware, metal and rubber tubing used were prepared so
as to eliminate any contribution of detectable pyrogens (refer
to Imdex 4). All work subsequent to the weighing step of the
de.siccated polysaccharide was performed under a recirculating,
laminar flow hood (Air Control, Microvoid model IV BC). All
sample and sterile rubber hose connections were flamed properly
with a bunsen burner. The total number of grams of Neisseria
meningitidis, type C (strain Cli) polysaccharide powder was
weighed in a glass beaker on a Mettler semi-microanalytical
balance (model B6). Subsequently, the powder was added to
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saline solution (refer to Index 5); the same solution was
tj used to rinse the beaker and was added to the pool. The

polysaccharide solution was placed on a rotary shaker
(Thomas Rotating Apparatus No. 3623, setting at 3.5) for
30 minutes at 20-250 C. A MNiJ.,-,vre 142 m filter holder
containing a sterile 0.22 micron porosity Millipore filter
(GSWP) and a Millipore prefilter (AP2012450) were primed
with the saline diluent (500 to 600 ml) described above
(fluid and container removed). Subsequently, the poly-
saccharide solution was passed through the filter under
filtered air pressure, into a new container. After the
filtration step, the filter Dad was examined for possible
breaks. The bulk, filtered -oltuion was sterility tested
(Refer to Index 6).

(2) Filling of final pool.

The sterile filtered polysaccharide solution was delivered
to the MSD Biological Production Laboratories for filling
into final containers (Index 10). The dispensing (2.0 ml/
vial) was conducted under a laminar flow hood, using aseptic
techniques, into glass vials (#50276); rubber stoppers
(#52531) suitable for lyophilization were inserted half way.
A member of the Virus & Cell Biology staff always was present
for the entire operation. An appropriate number of vials
from the beginning, middle and end of the filling operation
were coded and removed after the lyophilization step. The
stoppered vials were placed in an electric freezer, -600 to
-70 0 C overni.ght.

(3) Lyophilization of final pool.

A separate thermocouple was attached to each of four vials
which were positioned in appropriate areas of the Hull lyo-
philization cabinet (Model 651-3PF-25F) during the operation
The shelves of the unit were cooled to -40 0 C, after which the
trays of vials were loaded into the unit. Evacuation of the
chamber was peL!'rmed until the pressure was down to 175 microns,
at which time the lyophilization cycle was begun; the pressure
eventually was down to about 48 microns. The shelf temperature
was held at -- 40°C for 16 hours; the temperature was increased
to 0°C over a 3-hr period. The shelf temperature was held at
0°C until the material temperature increased to -5 0 C; the
shelf temperature was increased to +100C and held. The ma-
terial temperature was at +10 0 C on all thermocouples for a
minimum of 6 hours before unloading. The total lyophiliza-
tion cycle was 45-48 hours. When the run was completed, the
vacuum valves were closed and argon was admitted to a pressure
reading of 3". The vial stoppers were depressed internally
and sufficient argon was admitted to equilibrate atmospheric
pressure.

OT- The rubber-stoppered vials were capped with aluminum seals
(flip-off red plastic center) and stored at -20 0 C in sealed
cartons until they were labelled.

S.. . , -



-15-

(4) Assays on final container vaccine.

The assays performed on final container type C poly-
saccharide vaccines have been described in Indicies 1-10.
Results of final container assays have been listed in
Tables VIII and IX.

11
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TAML !U o D.LIVESPIS FOR FOXIUAT=ON

Delivery 
De•livery

Book No. L-675,75-. Wt. Grams Source/Batch Date

1 3714-7r 00M10 3.0 Shake-f lask/ 4/7/71

18-232 S714-30 -FOGI 3.1 Shake-f lask/ 5/12/71

24-283 371S-21F2 -00012 3.1 Shake-flask/ 6/15/71

29-388716-.F -0013 3.4 F ermnetor/ .6/22/71
S$716-lF -•)0G1' 3.1 Fermentor/ 6/30/71

5-76 S717-9F -0=15 2.2 Fennentor/ 7/7/71

5-8 & 10$717-23F -.0016 2.5 Shake-flask/ 7/12/7118-28, 
39-42S718-20F -0OG17 3.5 Fermentor/ 7/14/71

11-139 S717-16F -00018 3.6 Fermentor 7/16/71

141&15
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TABLE V. SEPHMROSE 4B ,DLECULAR WSvG11? DEMUIMMTUO0S

Dlivery
140. TA - 675,754- M. W. T

1 000•10 .270 7.5 x 10S Shake Flask
2 00-11 .270 7.5 x 105 Shake flask
3 00012 .270 7.5 x 105 Shake Flask

4 C= 13 .325 6.0 x 105 Fermentor
500014 .310 6.7 x 10S Fermentor
6 00GI5 .318 6.5 = 105 Fermentor
7 00G16 .270 7.5 x IO Shake Flask
8 OXG17 .290 7.2 x 105 Ftrmentor
9 00018 .254 8.2 x 105  Fezuentor

Squibb # " #9-"C" 2 .265 7.S x 105Fercientor #3 S715-28A, .420 3.0 ic 105

TABLE We ANALYSES OF 80% ETHANOL PRECWPITATES

Week No. Batch No. 6amvle No. Sialic Acid Protein Nucleic Acid

3 3 & 5 S711-22BI 62.01. 19.4% 1.9%
-$ & 8 S712-2B 58.0 21.3 1.3
6 9 & 10 S712-9B 52.6 26.1 6.0
7 11 & 12 S712-17A 52.2 26.4 3.7
8 13 S712-23A 51.4 24.2 6.2
9 14 & 15 S713-2A 55.7 15.3 1.7

10 16 & 17 S713-9A 55.7 11.8
11 18 & 19 S713-16A '8.0 15.6 2.0
21 F#l $715-18A 48.0 24.7 4.6
22 F#3 S715-27A 46.6 26.5 5.6
22 F#5 S716-2A 56.5 15.0 2.5

TABLE VIZ . RESULTS OF SEVAGIL

Start x•I F-tr-at r-2 M'trat,; x3 F•itrate X• Filtrat•eWeek Sialic Sialic Sialic S-alic Sialic

No. Acid Protein Acid Protein Acid Protein Acid Protein Acid Protein

6 52.60% 26.1,% 55.7% 25.4% 55.5,% 23.7% 56.1% 22.1,% 53.7% 21.6%
"" 51.4" 24.2M 19.5 19.5 18.6 17.8
9 55.7 15.3 59.6 13.5 59.9 13.3 63.0 12.0 42.0 10.7

10 55.7 11.8 61.0 12.1 63.3 12.1 60.9 10.8 62.2 11.2

*1.

.•. "
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?:EIi( ~i~w &D~I.E *IND( 1BIOLOGICAL WORK ORDER
'1)Er&C:( SH!A1 D 01IME RESEA82CH L'IORATORIES
Division 01 Ilcrck & Co., Inc.'G*C

BIOLOGICAL POUTNMS&D r tQST 81/7
VEPTY*. tCV TtIAM.

%r`.5& cell 1ihoa-o*y :Fcsare.. C,¶1 ~ ilfCgGf AC*I'.'~ # 40.l-L

Oft MIc ~fPCV EC.eO

DESCJrIPT1061I OF VWWN~ REQUESTED:

P3.en.m; perforn the ft.llc-.yn- anirxil control tests as irdicatcd belou oil eNoingococc-al

polyzacoharide type C, fiza1 container: Lot 414, C-A41.06, L-675-754, OVIG18

A. I~ror-cn test in rabbits (2 ieh)

1. 3 rabbits each to receive 1.0 r-i (2.5 ncg, intravenously)pr2k.o
iuernghococcai polysaccliaride type C, to be perforti.ed on each of 2 simple-u.

2. 3 rabbits to reclive 1.0 ml of C-1 66(distilled Water) placebo irntrmvezioush.

3. Record rectal te;iperatures of all rabbits just prior to injection and 1, 2
and 3 hours post injection. I ~ fo

B. Safety test in nice (14-16 Sm uai,,ht) be o y

1. 20 mice to receive 0. 5 ml1 (100 =L intganeritpytaalk ) of teninrococca1
polysaccharide t-yne C, eanch of twio s~rples to be tested In 10 m.ice (20 total).

2f ý. 20 nice to receive 0.5 ul of M, 66 (distilled umiter) placc-bo intraperitorteally.

3. CObserve and x-migh all anirials daily for 7 days-; record weigilits and
subFnit on armay report.

C. Safety test in bguinea pil.s (350 iZim iei~lit)

1. 4 guinea pits to receive 1.0 E:l (500 imo in:n-L~ra t2criCoaI1y) of
sextilmococcal polysacehridie type C, welt of tuo sam-pdes to be tested in

-2 guinea pigs (4I total).

2. 3 r~xiinna pigs to rececive 1.0 r-1 of l,.6% saline placcbo intxpritoneally. L

3. Voserve, uavei) mai c~hock rectal. tc.rperatures for all iasdaily for
7 days. rtecord tei-pcraturers anc; veighbts and seiwiit on assaiy report. 0~ J

D. Ileasea sinnit result.-: to D~r. Vella in tne fora. of 'Uritten a--szty reports, ':
A Cetifcate of&.ay2is is required als-o. / I

0O13GINtlCD Mr v 4-

IF tS)IMATI 0 COST IS LM'S 71WA $--. 7111S REQUEST ----- :
ISVALID VJ1111011 fUrTi4F1a A$'5MOVAL. (CED ZJIDLOSIzAL I5R0DUC11I.1: .

IISULA1CO COS): EIMV APPR~OVED 01: -

G1ING:
1k 1. ortmuAmnf rait rorm:,.no ALL corm~s 10 vin~c1oR. 3 COPY 10 Piu'-UC11:O1a CONI;TROL

'- WOLO.06CMJ PROC'UCIMI 3~. COSIES 10 LE = IMI.# CV~ DIRE.CIOn. btriCtOG:CAJ
2. rtfzrct-miL oacecict.t. 'IrODUCIIN~ WILL SUPPLY M11. PRODUUCT.0.

MAIL AUDI 140CC, I wxfC. 4. IF tSTIM.uTO LMIxrS STIrUtATIa AUTH0l:I'1a4110-
3. IF rcwi-lar or.-* ir le,.? vimuir riioutarga AmliIelit. hcITUMa CO!'flfltr sti 10 o0at:Cr.Az ton arctmimir

^11014. 0*31:1-11t4l. (thu 11. I., IO~ Du ~..Z. Aia'La)mAl vii issru 4rui( ow~itti. ; ,-, ISm r.r.
it~ 4 -~ -. 1*1(- VII 14 its 11uulimit 1o 11:Iacit'lL. I'ifnlar:uC's. swa:'.11Caac':1 f CU
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i:~~ ~:IA:~' q~: I INDEX 2 iL(;L1' ''

ts A'n Cef I L'tcc Co., 1. Oha2V

''~ r*'~I)VAI E OF W:QU3rS)
8J/2017-1

-~ I ~P( l~. .CCOV CIUMJ-S:J%-r. vCJ ~I tICSI AUXc. No.

*;t:.R~j')Ji OF V,,t; R": EQ.SYED: C~i0.-

*.01

rle.ase perfor-o ii safety tezt hi n ice -s incd.cated b--3c-. oa eacei of tssý 8 li1sted
~r~'co~ p~yacci rdetyps13 C, firnsi. cc:- ar- v, vc Iia lots

A. Safety test- irt UAL. :1 u~ilt

1. 20 ziee~.for each cielot- (160 total) t.o xac e iv~ 0.5 01 (100 vedC!,
I nirapeitofeielly) oI Lairnacscoccal type C polyrmcibaride; rhere vid
'b1e trio d~jplvs for eacii lot (10 1uicc/sxpplej, 20 total/vacci31e).

2. ccte to reccive 0.5 TIl of Cl4 66 (distilled water) placeao
20raaitna~y These 20 nice wdill bei suitable conitrols

*fire tbe erntire test as lon- Pas z-l1 anina~ls.are pla~c' on test
atthe snae __xi

3 . Obseve auI al an~ml dz-Ily for 7 days; record wigb~itz and
submdt o-.-asy eot

_ Vaccine lots

di t.ot 43.9, C.-A5S 2. Lot 1AM,- C-A259 3. Lot 421, C-A260

*4. Lot 422) C-A-961 5. Lot 423, C-11262 6. Lot. AM24, C.:" -A63
7 i, Lot AM,, C-4406 G. -Lot 419, C-A25&-1,2

Please subzit resul~ts to Dr. Ve.l~a I~ithe form of ivritteia assay reports; a Certificate!
of Aiiaayssis is requirced elso..

~' -BIOLOG!GAL UWO~ R D orzr u
* SEPO;: T RZESULTS TO CQ.)TROtt OFFICE

CI jL. *CERTIFICAT1C OF AR;ALY~li5- VJ:LL BE PR.EPARE:ZJ

By IOZCLOGICAL CO(NTRO'. OFFIC-r.

OF f$XIV.AIWO COST IS t.SSS 11,1V S. Tis REu

* * ---- COST.-- V
t.1V~'1t) OST:I Z1-!ATE AWZOVZO 11Y:

'1. Ol~nio~VJILL r1):71AnD AtL COPILS 10 Ol'ECCO 3 COPY 10 PPODUCTIo!* Co.sfO
110.G:Ct. I~J~ to:. * 3 CO;4ES To0j &Y kLM DIM"T Oar.,To 8SIOLCICAL

?. I!.:1:: v~'tv~CLP:orDucIsO:. Witll SUPPLY cST.Iu c:'.i PRDCXCrt. ysmu~o e~~a~1O

or m.~ trss I',:.a I#!!- S111,;m i :.W0*::Z -TM M A~u.a C'li L ~ 0 Oi~~ 014 :01. %1tV loft
Al r; t a* . I lli. Celli . A S i Ai s X- 1UA' - cov -sv i S'r' l' or *V 0 I:::.w r .:i n iz izw -
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Index 3

Sedimentation Analysis

The sedimentation analysis of the polysaccharide was performed in a'Spinco
Model E analytical centrifuge under the following conditions:

1. polysaccharide concentration* at 0.5 mg/mi
- . .o. .. °.

"2. solution - 0.85% NaCi

3. rpm - 48,000 (W1 = 2.54 x 10 )

4. cell- 30ram

- 5. rotor - Model E

6. temperature - 20°C

710" Time - 1.5 hours

Materials with sedinentation coefficients about 4.5S normally have molecular
weight of approximately 100,000; this can b6 influenced by shape and degree
of solvation.

*Notc. lyophilized, final container vaccine (diluted to 500mcgmral) was dialyzed
again-t CM258 (pyrogen-free, 0.85% saline); 2.0 ml of diluted vaccine against
one liter of C0258 for 24 hours.

4--
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Index 4

-lassware, rubber and metal tubing and
filter holder preparationIi

A. All containers (4 liter bottles with rubber tubing and stainless steel
connecting pieces) were prepared in the Herck Sharp & Dohme Biological
Production area (Hr. E. Lewis, West Point, Pa.) according to a standard
procedure utilized for preparing such materials to elininate possible

-. extraneous sources of pyrogenicity. Pyrogen-free water rinses and dry
wall heating of glassware were performed while tubing and metal connec-
tions were rinsed with pyroger.-free water including a step utilizing water
at 1800 F and subsequently autoclaved.

B. All other glassware, such as volumetric flasks and pipettes and beakers
were prepared in a similar manner in the Department of Virus and Cell
Biology Research, MSDOM, West Point, Pa.

C. New Hillipore filter holders (142 mm) were flushed initially with four
liters of boilingc pyrogen-free, distilled water. Prior to each filtra-
"tion of polysaccharide solution, the pre-filter and filter were flushed
"with 500 to 606 ml of pyrogen-free polysaccharide diluent (11.25% saline
X 0H27).' After filtration, the filter units were flushed with three to
four liters of pyrogen-free water (C0166)1 and autoclaved imzediately.

I_
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PnrPARA'TION 01' Puriz0GEi4-rFrEi, EQUIP2.4N3'M

Glassware is washed either on the Better Built nydromatic or
Turbomatic washer and subjected .to the treatment described below.

y3Jaromatic Washer

2. Pre-rinse - recirculatea water
2. Wash cycle - xecirculated detergent charged water,

beatea to 1600
3. Rinse -- xecircuiatea tapywater from rinse tanksheated to 1600

4. Rinse - direct hot tap water, 1500
5. Rinse - pyrogen-free distilled water, 1800

Turbomatic Washer

I.'. xe-rinse - recirculated wa.er
2. Wash cycle - recirculated hot tap water charged

with detergent, Aura, Temperature 1600 "
.3. Rinse - recircuilated hot tap water, Temperature 1600

4. Rinse- recirculated pyrogen-free water, Temperature 1800
5. Rinse direct pyrogen-free rinse, Temperature 180

""a Rubber tubing and machine components are subjected the

treatment described below.

Tu•bler Washer .

1." Tubing and comiponents placed in barrel of tumbler
inre covered %.,ith hot tap" water.

2. Moil tubing for full five (5) minutes. (No detergent
.used.)

3. Rinse - Pyrogen-free distilled water, 1800 temperature
for fivie (5) minutes'while tumbling. 0

4. Rinse - Pyrogen-free distilled water, 180 temperature*
"for five (5) minutes while tumbling.

5. Drain and jog to eliminate excess water in tubing.

MIachines Assembly

1. Cut tubing to proper lengths.
2. Inspect stoppers, S.S. connectors and S.S. 'L's.
3. Plug air filter and insert in tubing; connect to SS. 'L'.
4. Assemble tubing, stoppers, and S.S. components.
5. Rin!:Oe all parts with pyrogen-free distilled water.
6. Wrap exterior endls of miachines using. gauze, paper

envelopes, and Twistems.

7. Place Diack control on S.S. 'L'.
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•lull- AssCarbly of-.1tiachine aand Bottle Units

1. .Inspect bot-tles and machin3s.
2. Add approximately 10-25 cc pyrogen-free distilled

water to bottle.
3. Insert machine in bottle.
4. Adjust 'C' clamp to hold stopper/machine firmly in

.bottle.
5. Cover stopper and neck of bottle with aluminum foil.

Sterilization is by autoclave at 25001. for a minimum of
30 minutes.

8/23/71

S .°
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Index 5

Polysaccharide Diluent

A sodium chloride solution of 11.25% (XCH-27) is required so that rehydra-
tion of the polysaccharide (1:12.5x dilution) to 100 mcg/ml will yield
approximately 9.0 mg NaCl/ml. In order to compensate for the 12.0%.value
obtained for the XCM-27, 70.0 ml of pyrogen-free, distilled water were
added to each 1000.0 ml of 12.0% saline solution to yield a final concen-
tration of 11.25%.

7 - 7

A,,=
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SWIndex 6

Microbial Sterility

A. Post-filtration, bulk pool

1. Three to 5.0 ml of the polysaccharide concentrate (1.25 mg/ml) are
inoculated into each of four bottles of fluid thioglycollate medium
(150 ml medium per bottle) and incubated at 320 C for 14 days. The
bottles are examined two to three times prior to the final reading
for evidence of microbial contamination.

2. Three to 5.0 ml Xf the polysaccharide concentrate (1.25 mg/mi) are

Inoculated into each of four bottles of trypticase soy medium
(150 ml medium per bottle) and incubated at 20-250 C for 14 days.
The bottles are examined two to three times prior to the final
.eading for evidence of microbial contauination.

B. Lyophilized, final product, lot 438, C-A406

S1. Six (6), 8 and 6 vials were obtained from the beginning, middle and
end of the filling operation respectively. One (1.0 ml) was removed
from each of the 20 vials after reconstitution with 25.0 ml distilled

_ water to give a polysaccharide concentration oi 100.0 mcg/ml and
inoculated into 20 bottles of fluid thioglycollate medium (150 ml
medium per bottle), incubated and observed as indicated as in A. 1.
above. Additionally 1.0 ml was removed from each container and inocu-
lated into 20 bottles of trypticase soy medium (150 ml medium per
bottle), incubated and observed as indicated in A. 2. above.

'S
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Index 7

DIOLOGICJ. TESTl'G Pr0Zi=DV=!-

L~prgoduce fomI

Fi~nal container sai-ples of co:-plctZed product, shaill be tested.K Xeividthel sa:1es: haiving a low, net wieighat shall be pooled at
the tir~e of testing in order to attain an cdcequate sarplc veight.

11, TEST Pfl =DW3

- A ninimm of 1OOmg. of dried product obtain-ed from. one or no~e
kinal coht-animers shall be used. Tim tost sh~all consist of: d.-tor-
nlning tba vaicjht lozs of the (pe s) due to drying for 72. hours

* .* under vacuum over phosphorous pentoxide.

A., Jtcor.manded rtaterials and equip~ant:

(~. * . Nwuxercd~, loai form, flat.-bottoml waighing dishas wtith
* ~ rell-c-rounc allss stoppcrs

* .2. Vacuum desiccator equipped with a vaciutn pu-m. and an

unce1 ibrated nano-meter

*3. Balance capa-ble of zaccur-ate readability to 0.1 rig.

* . ~4. Lo-i huimidity r-on 1qipe iith hygroa-etcr and maitie
at a relaitive hu.-Idity of 0 1 0'.o All operations are

- ~perfo=3.d in this room.

5i. Do.siccator jar equipped vith silica gel drying agent with
* indicator

* D. MJethod:

1. Thoroughly cleancl ,.-eic,,ing dishcs sr3b-.l be dried by band~
and sto:e-d in the lvo- hwieliity roc.-. for 24 hours prior to
use,. ?'0Y9: All cquir.:iont i~s kept in the low haxidilty

* roo-a at. all t,.s

*2. V'he uim~if-Ung dlishes shall be ucigh-cd ias ra~pidly a-s pozsiAble.
* Mll .-iraniulatic.;is of umcighing dishes sha.-ll be trade with tongs

* ~or %-hile %:earincj clovzas.
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".hD, Wcont'd) ab".'.

3. The vaccumi in the s=ple bottle shall be released by allc't-
ing dry air to enter slouly through a need~le inserted in
the stoVppr.

4. %he stop.?sr chal l be rerrv'ed and the sei-le plug broeken
-up with a spatula.

5. The ssm.ple shall be rapidly transferred to a previouly
veighed and z.exked weicjhing dish and covered with its lid.

6. After all transfers have been co..pleted, the ueiching dishes
with their contcnts shall be weighed iia:ediately.

7. The oai--ples and the weighing dishes with the lids set
parp-ndicular to the no-al position shall be placed in
the vacutA desiccator. Whe pressure shall ba reduced as
• .icgte.d by the wano•eter and the reduced pressure min-.
" " "'" ta:ned b'.'y sealing the desiccator.

8.' After 72 hours of drying time; dry air is alloed to continually
bleed into the desiccator until the pressure inside has been
equalized vith the atr-osphere.

9. The lids shall be i•rediately replaced in the normal closed
position.

10. Th- •i;gihing dihes containing the sx-:ples shall be rer-ovel
indi'idually from the desiccator and neighed as rapidly as
posiible.

" * 11. All sz:-iales axe to be tested .in duplicate and run m ith a
stan•!ad in each desiccator.

. C. Calculations:

1. rmlcord weOihts in Steps 2, 6, and 10.

2. Weight in Step 2 cquals tare weight of dish.

3. (?ecight in Stcp 6) L.inus (wclit in Step 1) cquals v:eigint
of sap~ple before assaly.

4. "(:eigh nSe: 6 :1i n ':eight in Step 10) equals weight
equivaleat to residual roisture of si-.ple.

5. (Ueimht cqCI'ivale:it to roLSAtuvrc) divided by ('eiqht of sa_?l.)
""{ti3;es 100 ecauals tht_ p rcentaove of xesideal u-3sisturc,

r ---- -
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Index 7 (cont.)

A. F"sal container -ý-nples of completed product shall be used.
Sample weight chall be 100 to 1,000 =g.

"B. If only one sapple is tested, ihe serial or subserial is ;
%n-satisfactory if the noisture coitent e:ceeds 2.0% for
vaccines only.

C. If •ny determination is greater than 2.0%, a repeat test
must be done.

D. The rep-at tcst will consist of four .d, eterýinations mn in
ftlp--ieate on1 t:o sepa-rate ,- 'Zsi•e lot sill Only be coasidered

if no values on repeat date--minations are above the
2.0% linit and the atira9 of all six deteri[nations is belot
the 2;s% o e teit.t.

,& in. " - the event that one of the t-,:o aeterninations i• orar 2.04#
a retost will be done,

Th•e repeoat test- will consist of tt-m dzterminations. "/he'l ot
will only b3• considered satisfactox- if no values on rep_•at

( • •eterminations are above the 2.0" linit and the averarge of
-..all four- detexnina-tions is below• the 2.044 lbait.

VOT•E:

'Dornovac' is al;uays assayed on the 2:-oisture V-mnitor,

1. Only the content of one vial is used.

2." The s'.rple is weigh~ci on th3 .1icrobalance (accuracy to
0.01 r.- .);

3. •Ple is tested in triplicate.

4. Calcul. :ion:

.|o.istre 1:%nit-o- rez-Ain. n :. X 1004 % z-oistureSample ;it n-.

1;/22/70

K _ _ _ _



-39-
Index 8

Determunatlon of Chloride in RC'.H6 or RC-18

,based on a modification of Su:ain, J.S.,
Chemistry and Industry, 1956, pp. 418-4,20)

I.. Preparation of Standards

A. Weigh 2.103 gSis of C.P. KCl into a 1-liter volumetric, flask, dissolve and
dilute to mark with RC12, thus preparing a solution containing 1000 mcg/ml -.C1
Dilute appropriately with RCN|2, using volumetric pipettcs and flasks, to obtain
standard solutions containing 20, 22.5, 25, 27.5 and 30 mcg/ml Ce.

I1. Preparation of Samples

A. Using volumetric pipettes and flasks, dilute 5.0 ml of samples to 1000 ml

with RCM2. Since RCX6 and RCH8 each theoretically contains 5368 mcg/ml Cl-,
this will give a solution of the sample containing approxix!ately 26.84 mcg/
Ul C1-.

III. Chemicals UVed
" "* ° "- .. ." C . . . * " . ."

Acetones Reagent Grade..
"Methanol, ACS Reagent Grade
Ferric Alum, C.P.
Nitric Acid, Cone., C.P.
Mercuric Thiocyanate (may be Fisher Certified or made from C.P. H&(N0 3 12 and

C.P. KSCN)
R*12 (glass distilled water)

IV. Preparation of Reagents - for Beclkman DU Pracedure

A. Hg(SCN) 2 - Dissolve 300 rags of Ig(SCN) 2 In 100 ml methanol. Filter if
necessary..

B. Ferric Alum - Dissolve 6.0 gms Ferric Alun. in 100 ml 6N nitric acid (39
ml conc. nitric acid plus 61 ml RCM2). Filter thru fine sintered glass.

V. Procedure - Beckman DU

A. In a series of 6 x 7/8" test tubes, pipette 5.0 ml of RCM2 (for 9 blankt),
standard solutions and replicate sample solutions. To each tube add 5.0 ml

* of acetonc. Mix. Add 1.0 ml ferric alum reagent. Mix. Add 1.0 ml
"ilg(SCN)2 reagent. Mix, let stand 15 minutes and read 11470. Plot data
and calculate concentrations in the usual way.

VI. PrepLaration of Rtea.ents - for Spectronic 20 Procedure

A. "Ig(SCN) 2 - Dilute one volume of the 1lg(....)2 solution described above witt
* 9 volunes of a5c'one.

S B. Ferric Alu;n - Dilute 2 volu-nes of the ferric alum reAent described above
with 3 volumes of RC.-12.
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• "Index 8 (cont'd.)

VII. Procedure - Spectronic 20

A. In a series of 6 x 718" test tubes, pipette 5.0 ml of RC-I2 (for 0 blank),
standard solutions and replicate sample solutions. Add 5.0 ml of ferric

"alum reagent, mix. Add 10.0 ml Hg(SCN) 2 reagent, mix. Let stand 15 min.
and read at- X 470. Plot data and calculate concentrations in the usual way.

VIII." Notes

A. The optical density scale- of the Spectronic 20 is so constructed that
readiags can be made much more accurately In the 0.05-0.3 region than in
the 0.3 to 1.0 region. This is not true to a significant degree with the
Beckman DU. Accordingly, the procedure used with the Beclman DU has been
modified for use with the Spectronic 20. The latter procedure has only 112
the sensitivity of the former but is quite usable.

B. The color developed in this procedure is quite stable; there is a loss of
approximately 1% in a 45-minute period following the usual reading time.

C. This method is not affected by even large concentrations of phosphate.

IX. Calculations . -. . .

A. For physiological saline (RcM6) and phosphate buffered physiological saline,
use the following:

- 1. 'Average reading of sample x 200 (dilution) x 27.5 meg C1- in sample,
average reading of 27.5 standard.

2. C1-o= 60.8% of the weight of the NaCl molecule.

S° .

U

~~j.

i
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Meningococcal (type C) Hlemnagglutination Procedure

Reagents

Human 0, Rh negative red blood cells (Behringwerke diagnostics - type-a-cells
35 kit)

ROM8 - store at 40C
Bovine serum albumin 10Z (sterile) store at 40C
Meningococcal antigen (polysaccharide) stored at -70°C; thawed at 370C
Cooke Microtiter plates and seals
Microtiter loops (0.05 ml)

Procedure

1. Wash human 0 negative red blood cells three (3) times in RCOS.
2. Resuspend after final wash to 2Z.
3. Add appropriate amount of antigen (determined by grid titration) to the cells.
4. Mix thoroughly, incubate 30 min. (or longer) in 370 C water bath, mix and invert

every 5-7 minutes.
5. WaAh RBC-antigen three (3) times in RCH8 and resuspend to a 0.5Z suspension in

RCH8.
6. Add bovine serum albumin to a final concentration of 0.5.' w/v. (1 ml of 10Z BSA +19

ul rbc-antigen).

* - a. Defrost sera and heat inactivate; 3560 C for 30 minutes.

b. Prepared serial 2-fold dilutions (1:2 - 1:2048) in RCM8.

c. 0.05 ml RBC-antigen suspension is added to each well.

d. Mix gently.

e. Incubate plates 2 hrs. at R.T. and then read for HA titer.
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B. Meningococcal Polysaccharide Vaccine, Type A.

1. Growth and Isolation Studies.

a. Growth studies.

On June 22, 1971 two lyophilized cultures from a fresh isolate
of Neisseria meningitidis type A were obtained from Dr. Lowenthal,
WRAIR. The culture had been evaluated under production conditions
at WRAIR and shown to produce type A polysaccharide free of any
type C.

A total of 6 batches (100-liters) was. made and delivered for
product recovery, as smunarized in Table I.

The fermentation process employed was the same as that used for
the meningococcal type C polysaccharide with the exception of
cycle time. The fermentation cycle was shortened to 12 hours, the
point of maximum grawth.

Figure I illustrates the fermentation data of a typical batch.

b. Isolation Studies.

(1) Process Selection.

The method adopted was a modification of that published by
Sanford Berman et al. of WRAIR [Infection and Immunity 2,
640-647 (1970)]. The details of the method were developed
to produce a product which would meet all WRAIR chemical
and biological specifications.

(2) Process.

Step #1. Collection of Wet Cells.

Each 100-liter batch of Cetavlon-treated broth was immediately
centrifuged in a turbine-driven Sharples centrifuge using a
No. 1-H standard clarifier bowl and revolving at 50,000 RPM
and a flow rate of 30 liters/hr. The broth was followed with
a wash of I liter of pyrogen-free water. The clear filtrate
was discarded and the insoluble cake was scraped from the
bowl, weighed and frozen.

Step #2. Washing.

Frozen precipitate from each batch was suspended in 600 ml of
pyrogen-free distilled water and warmed to 5 C. The suspen-
sion was stirred with a Sorvall Omni-Mixer at a speed setting
of 2 for 20 minutes. The mixture was centrifuged in 500 ml
polyethylene cups in a Lourdes Model LRS centrifuge with a
3RA head at 6,000 RPM for 20 minutes. The wash was discarded.
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Step #3. Extraction with CaCl 2 -Solution.

Washed cells were stirred in 600 ml of l.OM CaCl2.H 2O
solution with an Omni-Mixer at a speed setting of 6 for
30 minutes. The mixture was centrifuged in the Lourdes
at 6,000 RPM for 30 minutes. The clear supernate was
decanted and saved. The cake was extracted two more times
by the same method except that the Omni-Mixer was operated
at a speed setting of 2 for 15 minutes and the centrifuge
times were 20 minutes and 20 minutes, respectively. All
three extracts were pooled. The residual cake was dis-
carded.

Step #4. Ethanol Precipitation - 25%

To the combined CaCl 2 extracts were added 600 ml of
denatured absolute ethanol (2BA). The solution was
allowed to stand overnight. The 25% ethanolic solution
was centrifuged in the Lourdes as before and the pre-
cipitate was discarded.

Step #5. Ethanol Precipitation - 83.5%.

The clear solution from the above was adjusted to 83.5%
ethanol by the additon of 8.4 liters of denatured absolute
ethanol. The solution was allowed to stand at 50 C for 3
hours. The precipitate was collected by vacuum filtration
using a 10" Buchner funnel set with two sheets of Reeve-
Angel #230 fiper. The cake was washed with about 200 rnl of
ethanol, thL.n with about 200 ml of acetone and was dried under
vacuum in a desiccator over CaCl 2 . The dried product was
weighed.

Step #6. Chloroform Emulsification (Sevag).

The product from above was dissolved in 400 ml of pyrogen-
free, distilled water and centrifuged in an International
clinical centrifuge. The small amount of dark precipitate
was discarded. A 400 ml portion of chloroform was added
and the mixture was stirred with an Omni-Mixer at a speed
setting of 1.5 for 30 minutes. The container was immersed
in an ice bath during mixing. The mixture was then centri-
fuged in the Lourdes at 6,000 RPM for 20 minutes. The clear
water layer was siphoned off and treated 3X more with 400 ml
portions of chloroform. The clear chloroform layers were
discarded and the emulsions at the interfaces were saved.

Step #7. Second Ethanol Precipitation.

The final water layer, 400 ml, was diluted with 2-liters of
absolute ethanol to 83.5% concentration. The suspension
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SStep #7 (Cont.)

was allowed to stand overnight at 5°C, then the product
was collected by centrifugation in the Lourdes centrifuge
as before.

Step #8. Second Extraction with CaCl 2 Solution.

The wet precipitate was extracted with portions of 0.02M
CaCl 2 solution until a total of 300 ml of extract was
obtained. Between extractions the mixture was z-parated
by centrifugation in an International clinical centrifuge.
The final dark colored precipitate was discarded.

Step #9. Ultracentrifugation.

The extract was clarified by centrifugatien in a Beckman
Model L centrifuge with a number 30 head at 30,000 RPM
for 2 hours at 5OC. The clear solution, 270 ml, was
diluted with 250 ml absolute ethanol to 48% concentration.
The solution was again clarified by ultracentrifugation as
above. The second pellet was discarded. To the clear
solution were added 5 ml saturated pH 7.0 sodium acetate
plus 1250 ml of absolute ethanol. The solution was allowed
to stand at 50 C overnight and the precipitate was centri-
fuged off. The precipitate was washed and dried with ethanol
and then with acetone. The product was dried in vacuum.

The dried product was reprecipitated by dissolving in 125 ml
of pyrogen-free water containing 2% IM CaCl 2 . To the clear
solution were added 136 ml of ethanol to a concentration of
52.2% to produce opalescence. The opalescent solution was
centrifuged 2 hours at 78,000 G. The clear solution was
treated with 2.5 ml saturated sodium acetate (pH 7.0) plus
490 ml of ethanol to an ethanol concentration of 83.5%.
The precipitate was allowed to settle overnight at 5C.
The insoluble product was centrifuged off, washed with
absolute ethanol and acetone and dried In vacuum.

Step #10. Final Product.

Samples of each final product were submitted for the re-
quired assays. The final product from Batch 2A failed the
pyrogen test and the last alcohol precipitation step was
repeated to yield acceptable material. The final product
from the other batches passed all of the required analyses.
The reworked product from Batch 2A and the final prcduct
from Batch 3A were combined and blended by rotating the
container on a roller mill for four hours. Batches 5A
and 6A were combined at Step #2, processed using twice the

k 4quantities of materials and delivered as one lot.
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(3) Delivery Lots for Formulation.

The sample numbers assigned to the deliveries for formu-

lation were as follows:

Delivery No. Sample No. Batches L-Number

1 S718-25P 2A & 3A 675s786-00BO1
2 S719-15P 5A & 6A 675,786-00B02

Table II summarizes the data on each batch. A total of 8.9g
was delivered for vaccine formulation in two deliveries repre-
senting an average yield of 2.5g per 100 liters of broth.
Table III gives the chemical analyses for each of the two
deliveries.

(4) Analyses.

Assay Method Specification

Phosphorus Chen and Toribara min. 8% (anhydrous basis)
Protein Lowry max. 1%
Nucleic Acid UV spectroscopy max. 1%
Pyrogens 3 rabbits 2.5 pg No more than 0.5 0 C average

I.V. each rise, no more than 1.0 0 C
rise in any single rabbit

Molecular (a) Sephadex G-200 Bulk of phosphorus in void
Weight chromatography volume

*(b) Sepharose 4B None
chromatography

* Procedure described in section on Meningococcal Type C
Polysaccharide.

(5) Stability.

Since meningococcal type A polysaccharide has been shown to
break down to low molecular weight products, reference samples
of this product were analyzed by the Sepharose 4B chromatography.
Some reduction of molecular weight was observed in samples of
final product which were stored at room temperature for approxi-
mately 2 months. All supplies of final product and packaged
vaccine are now stored at -20 0 C. Samples of packaged vaccine
were obtained from West Point for comparison by Sepharose 4B
chromatography. The polysaccharide was separated from the
salt diluent by dialysis before chromatography. All of these
samples exhibit peaks corresponding to molecular weights of
greater than 200,000, thus, all of the samples should be ex-

U cluded from Sephadex G-200. Samples of final product and
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vaccine prepared by E. R. Squibb & Sons, Inc. have been
chromatographed and give very similar results on final
vaccine. The molecular wrght of vaccine, however, is
only half that of final product.

Date of Date of Molecular

Sample No. Description Preparation Chromatography Weight

$717-29B Product from Batch 2A 7/29 8/3 4.3 x 105

S717-21C Product from Batch 3A 7/21 8/4 5.0 x 105

S718-25P Delivery #1 reference sample 9/10 10/5 2.6 x 105

Lot #439A Vaccine frcm Delivery #1 9/29 2.3 x 105

S718-26D Product from Batches 5A & 6A 8/26 9/15 4.5 x 105

S719-15P Delivery #2 reference sample 8/26 10/8 3.5 x 105

Lot #440A Vaccine from Delivery #2 10/9 3.5 x 105

Squibb #8 Final product 9/17 5.2 x 105

Squibb #8 Vaccine 4/70 10/13 2.2 x 105

A polysaccharide sample stored at -20 0 C for 3 months was
observed to drop from a molecular weight of 5.2 x 105 to
3.4 x 10 . Thus, it appears that -20 C does not guarantee
retention of the high molecular weight of freshly isolated
polysaccharide.

2. Formulation and Testing of Final Container Vaccine.

ýR. Vaccine formulation.

The preparation of approximately five gins. (101,500 x 50 mcg doses,
0.5 ml each) of lyophilized Neisseria meningitidis, type A poly-
saccharide vaccine has been completed. The vaccine has been de-
livered to Dr. M. Artenstein, WRAIR, along with release protocols
which describe the preparation and control testing of each of the
vaccine lots. The five gins. were distributed in two separate lots
(50 dose .-oditainers) and each passed all contract specifications
as well as control safety testing.

The control testing procedures fcllowed for release of lot 439/C-A453
are presented in Indicies 1-9. Similar procedures were utilized in
the preparation and testing of lot 440/C-A455.

-x~.
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(1) Rehydration and filtration of final pool.

All glassware, metal and rubber tubing used were prepared
so as to eliminate any contribution of detectable pyrogens
refer to Index 3). All work subsequent to the weighing
step of the desiccated polysaccharide was performed under
a recirculating, laminar flow hood (Air Control, Microvoid
model IV BCO. All sample and sterile rubber hose connections
were flamed properly with a bunsen burner. Neisseria meningi-
tidis, type A (strain A-la polysaccharide powder) was weighed
in a glass beaker on a Mettler semi-microanalytical balance
(model B6). Subsequently, the powder was added to saline
solution (refer to Index 4); the same solution was used to
rinse the beaker and was added to the pool. The polysaccharide
solution was placed on a rotary shaker (Thomias Rotating
Apparatus No. 3263, setting at 3.5) for 30 minutes at 20-25 C.
A Millipore 142 mm filter holder containing a sterile 0.22
'micron porosity Millipore filter (GSWP) and a Millipore pre-
filter (AP2012450) were primed with the saline diluent (500 to
600 ml) described above (fluid and container removed). Sub-
sequently, the polysaccharide solution was passed through the
filter under filtered air pressure, into a new container.
After the filtration step, the filter pad was examined for
possible breaks. The bulk, filtered solution was sterility

(. tested.

(•) Filling of final pool.

The sterile filtered polysaccharide solution was delivered
to the MSD Biological Production Laboratories for filling
into final containers (Index 9). The dispensing (2.0 ml/vial)
was conducted under a laminar flow hood, using aseptic tech-
niques, into glass vials (#50276); rubber stoppers (#52531)
suitable for lyophilization were inserted half way. A member
of the Virus & Cell Biology staff always was present for the
entire operation. An rpropriate number of vials from the
beginning, middle and end of the filling operation were coded
and removed after the lyophilization step. The stoppered vials
were placed in an electric freezer, -60 to -70 0 C overnight.

(3) Lyophilization of final pool.

A separate thermocouple was attached to each of four vials
which were positioned in appropriate areas of the Hull lyo-
philization cabinet (Model 651-3PF-25F) during the operation.
The shelves of the unit were cooled to -400C, after which the
trays of vials were loaded into the unit. Evacuation of the
chamber was performed until the pressure was down to 175 microns,
at which time the lyophilization cycle was begun; the vacuum

( eventually reaches approximately 39 microns of pressure. The
shelf temperature was held at -40 0 C for 16 hours; the tempera-
ture was increased to O°C over a 3-hr. period. The shelf
temperature was held at OC until the material temperature
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increased to -5 0 C; the shelf temperature was increased to
+100 C and held. The material temperature was at +10 0 C on
all thermocouples for a minimum of 6 hours before unloading
The total lyophilization cycle was 45-48 hours. When the
run was completed, the vacuum valves were closed and argon
was admitted to a pressure reading of 3". The vial stoppers
were depressed internally and sufficient argon was admitted
to equilibrate atmospheric pressure.

The rubber-stoppered vials were capped with aluminum seals
(flip-off red plastic cente") and stored at -20 0 C in sealed
cartons until they were labelled.

(4) Assays on final container vaccine.

The assays performed on final container type A polysaccharide
yzaccines have been described in Indicies 1-9.

Results of final container assays have been listed in Tables
IV and V.
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TABLE III. CHE3ZCAL ANALYSES OF DELIOJERES

SanpeDM1VERY 01 DELIVEY #2
L-675,786-O0B0o L-685,786-00302

• __,.._Test_...... ... _ _ (S,18-25P )s719-IsP)
Phosphorus, (1) 8.39 6.35

Protein,, 0.78 0.50

Nucleic Acid, S 0.2 0.5

Moisture by 7GA, % (2) 7.4 7.3

Gel Filtration Mi, X (3) 70.6 79.2

Sialic Acid, S 0.18 0.19-

Total Acetyl, X (4) 13..6 20.1

O-Acetyl, pwol/ng (5) 2.2 2.2

Spectrographic Analysis: , ....

Calcium major major

Phosphorus minor minor

iron trace trace

Copper trace trace

Sodiun trace trace

Silicon trace tracett
-- bgnesium trace trace

(1) On anhydrous sanple

(2) Thermogravinetric analysis

(3) Number in Table is phosphorus found in void volume x 100/phosphorus
charged to columnr

(4) By chromic acid oxidation

(5) By Ferric hydroxamate method using glucose pentaacetate as standard
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"MERCK SIIARP & DOIIME RESEARCII LABORATORIES BIOLOGICAL WORK ORD
biision of Merck & Co.. Inc.

@m 21s4

BIOLOGICAL PRODUCTION. MS&D

S "r. .PT. No. Acc G CHARGES:,
Dr. Vr.lla iPIC s ACV . NO.

iDESCRIPTION OF WORK REQUESTED:
' CONfTROL Page 1

Please perform the following animal control tests as indicated below on Heningococcal
polysaccharide type A. final container: Lot 439. C-A453, L-675, 786, 0OB01.

A" Eyro•.en test in rabbits (2 kg weight)

1. 3 rabbits each to receive 1.0 ml (2.5 mcg, intravenously) per 2 kg. of
. meningococcal polysaccharide type A, to be performed on each of 2 samples.

2, " 3 rabbits to receive 1.0 ml of CH 66(distilled water) placebo Intravenously

3. Record rectal temperatures of all rabbits just prior to Injection and 1, 2
and 3 hours post injection.

... * Safety test in mice (14-16 gim weight)

1 - -"20 mice to receive 0.5 ml (100 meg, lntraperitoneally) of meningococcal
2. polysaccharlde type A, each of two samples to be tested in 10 mice (20 tota

""2& "- 20 mice to receive 0.5 ul of CH 66 (distilled water) placebo Intraperitonea

"3. Observe and weigh all animals daily for 7 days; record weights and
submit on assay report.

C. Safety test in guinea pigs (350 gm weight)

.-16 4 guinea pigs to receive 1.0 ml (500 mc&, intraperitoneally) of
meningococcal polysaccharide type A, each of two samples to be tested i

. "'.-."2 guinea pigs (4 total). . J

3 guinea pigs to receive 1.0 ml of 4.62 saline placebo intraperitoneally.O
3. .'Observe, weigh and check rectal tempcratures for all animals daily for o0

.7 days. Record temperatures and weights and submit on assay reports 0

D, Please submit results to Dr. Vella in the form of written assay reports.*
A Certificate of Analysis is required also.

ORIGINATED BY-
!r ESTIMAATED COST IS LESS THAN S TIS REQUEST < D~4
IS VALID VinIIOUrT FURTHER APPROVAL. ACCEPTED o Vooo P

£STIMAIEW COST: ESTIMATE APPROVED DY:

"IOUTING: .
1. ORICItIATOR WIV. FOnWARO ALL COPIES TO DIRECTOR. -1 COPY TO PRODUCTION CONTROLBv SIOLOGICAL PRODUCIIOII. " 3 COPIES TO DE RETAItNED BY DIRECTOR. VIOLOGICAL
z. DIRECTOR. 91010IrtCAL PRODUCTION WILL SUPPLY CSTI. IRODUCTION.

MAlE AND ACCErANcC. 4. IF" ESTIMATE EXCECOS STIPULATEO AUTIIORIZATION3. IOF rTI1.9ATC I% LESS THAN T.It STIPULATED AUTHORIZ. mCTuRN COMPLETE SET TO ORIGINATOR FOR NECESSARY
ATIOZE. VISTI1IIIUIL COI'ILS AS FOLLOWS: APOAS HNTEEAEOTIE.STI C

2 COPI.S 70 OlCSIICIATOR (iF OftIGiIATID IN iPr. APPROVALS. WIICN IlI[SE AfI[ OITAINEO. SET IS HE.SIAIICII or or 7111-.E WIlL iIE IOIWARDED 10 TURNED TO DIRECTOR. DIOLOGICAL PRODUCTIOII FORRI1LSC•AI4I1 ADM. WL1" IPOINT) DISIRIBUIION AS OUTLINED IN PAIRAGIRAPIH 3.
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cjIndex 2

Sedimentation Analysis

The sedimentation analysis of the polysaccharide was performed in a Spinco
Model E analytical centrifuge under the following conditions:

1. polysaccharide concentration* at 0.5 mg/ml

2. solution - 0.85Z NaCi

3. rpm - 48,000 (W2 2.54 x 10 7)

4. cell- 30 mm

5. rotor'- Model E

6. temperature - 200C

7. Time - 1.5 hours

*Note: lyophilized, final container vaccine (diluted to 500mcgfml) was dialyzed

against CL1258 (pyrogen-free, 0.85% saline); 2.0 ml of diluted va-cine againstI one liter of CH258 for 24 hours.
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Index 3

Qassware, rubber and metal tubing and
filter holder preparation

A. All containers (4 liter bottles with rubber tubing and stainless steel
connecting pieces) were prepared in the Merck Sharp & Dohme Biological
Production area (Mr. E. Lewis, West Point, Pa.) according to a standard
procedure utilized for preparing such materials to eliminate possible
extraneous sources of pyrogenicity. Pyrogen-free water rinses and dry
wall heating of glassware were performed while tubing and metal connec-
tions were rinsed with pyrogen-free water including a step utilizing water
at 1800F and subsequently autoclaved.

B. All other glassware, such as volumetric flasks and pipettes and beakers
were prepared in a similar manner in the Department of Virus and Cell
Biology Research, MSDRL, West Point, Pa.

C. New Millipore filter holders (142 mm) were flushed initially with four
liters of boiling, pyrogen-free, distilled water. Prior to each filtra-
tion of polysaccharive solution, the pre-filter and filter were flushed
with 500 to 600 ml of pyrogen-free polysaccharide diluent (11.25% saline
X CM61). After filtration, the fiiter units were flushed with three to
four liters of pyrogen-free water (CM66) and autoclaved immediately.

'¶..

I '
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.Index 3 (cont.)

PFPPAIW0ITON OF PYROGEN-FnEE EQUI1EN'a

Glassware is ,;ashed either on the Better Built Rydromatic or
lTurbomatic washer and subjected .to the treatment described below.

)lydromatic Washer

1. Pre-rinse - recirculated water
, .- 2. Wash cycle - recirculated detergent charged water,

heated to 1600
"3. Rinse -ý recirculated tap water from rinse tank,

-. heated to 1600
4. Rinse - direct hot tap water; 1500
5. Rinse - pyrogen-free distilled water, 1800

L -

Turbomatic Washer " -

I. re-rinse -recirculated water.
2. Wash cycle - recirculated hot tap water charged

with" detergent, Aura, Temperature 1600 ""
.3. Rinse - reciriulated hot tap water, Temperature 1600

4. Rinse - recirculated pyrogen-free water, Temperatue 1800
5. Rinse - direct pyro gen-free rinse, Temperature 180

Rubber tubing and machine components are subjected to the
treatment described below. .. * . .

Tumbler Washer

1•.." Tubing and components placed in barrel of tumbler
* "and covered with hot tap'water.

* 2. Boil tubing for full five (5) minutes. (No detergent
3". .used.)
3. Rinse.- Pyrogen-free distilled water, 1800 temperature

. " .for five (5) minutes while tumbling.
4. Rinse - Pyrogen-free distilled water," 1800 temperature"

"* "for five (5) minutes while tumbling.
5. Drain and jog to eliminate excess water in tubing.

.Machines Assembly

1. Cut tubing to proper lengths.
2. Inspect stoppers, S.S. connectors and S.S. 'L's.

• - * 3. Plug air filter and insert in tubing; connect to SS. 'L'.
4. Assemble tubing, stoppers, and S.S. components.
5. Rinse all parts with pyrogen-free distilled water.

"" 6. Wrap exterior ends of machines using gauze, paper
* envelopes, and Twistems.

"7; Place Diack control on S.S. 'L'.

4 . *o

* S
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Index 3 (cont.) .

Assembly of Machine and Bottle Units

1. .Inspect bottles arid machines.
2. Add pppro°:mnatcly 10-25 c6 pyrogen-free distilled

water to-bottle.
3. Insert machine in bottle.
4. Adjust 'C' clanp to hold stopper/machine firmly in

" bottle.
5. Cover stopper and neck, of bottle with aluminum foil.

[.- "
Sterilization is by autoclave at 2500F. for a minimum of

30 minutes. . . . .

-8 -3.-1. - - .. . . - .
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Index 4

Polysaccharide Diluent

A sodium chloride solution of 11.25% (XCM-61) is required so that rehydra-
tion of the polysaccharide (1:12.5x dilution) to 100 mcg/ml will yield
approximately 9.0 mg NaCl/ml. In order to compensate for the 11.69% value
obtained for the XCM-61, 40.0 ml of pyrogen-free, distilled water were
added to each 1000.0 ml of 11.69% saline solution to yield a final concen-
tration of 11.25%.

<C
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Index 5

Hicrobial Sterility

A. Post-filtration, bulk pool

1. Three to 5.0 ml of the polysaccharide concentrate (1.25 mg/ml) are
inoculated into each of four bottles of fluid thioglycollate medium
(150 ml medium per bottle) and incubated at 32 0C for 14 days. The
bottles are examined two to three times p-ior to the final reading
for evidence of microbial contamination.

2. Three to 5.0 ml of the polysacchariee concentrate (1.25 mg/ml) are
inoculated into each of four bottles of trypticase soy medium
(150 ml medium per bottle) and incubated at 20-250 C for 14 days.
The bottles are examined two to three times prior to the final
reading for evidence of microbial contamination.

B. Lyophilized, final product, lot 439, C-A453

1. Six (6) 8 and 6 vials were obtained from the beginning, middle and
end of the filling operation respectively. One (1.0 ml) was removed
from each of the 20 vials after reconstitution with 25.0 ml distilled
water to give a polysaccharide concentration of 100.0 mcg/ml and
Inoculated into 20 bottles ot fluid thioglycollate medium (150 ml
medium per bottle), incubated and observed as indicated as in A. 1.
above. Additionally 1.0 ml was removed from each container and inocu-
lated into 20 bottles of trypticase soy medium (150 ml medium per
bottle), incubated and observed as indicated in A. 2. above.

(L .j



; MERCK bIAIRP & DO1IME Index 5 (cont.) BOOIA OKODR:
"'NF1CK S ' IAI1P & DOlIME RESEARCH LABORATORIES
D~ikion of Mecrck' & Co., Inc. 03 28.

0:~ ME OF RL'2UEST:
BIOLOGICAL PRODOJCTION, MS&D9/37

ROM: DEPT.ela No. AccVo CHARGES:
Dr., Vlla a&gCFVv ACCT. uIO.

1-1rlnC all lIJn.r IA4 *FAI o./ c .onc s., n3gXp-7
DESCRIPTION OF WORK REQUESTED:

CONTROL Paso 2

Sterility Tests
Please check the indicated num~ber of linal. containers of the Indicated lot of Heningococcal
polysaccharide for sterility in trypticase soy and fluid thioglycollate medium according to
the latent Public Health Service Regulutiozls.

1. Lot 439t C-A453 -20 final containirs (labeled 11 2 and 3)

'Add 1.0 ml of pol3*acchjaride solution per bottle of testing medi.um. The fluid thioglycollate
m~edium should be incubated at 320 for 14 days while the trypticase soy medium should be
Incubated at 20 - 250 C for 14 days. Please submit results to Dr. Vella. In the form of
written assay reports. A Certificate of Analysis is9 required also. *

REOR REU .S To RNOI
I -CONTROL OFFICE

ESTIMATD LESSORIGINATED BY* ~

F S7MTE OS I LESTIIAN S 'THIS REQUEST '
:SVALID WITHOUT FURTHER APPROVAL ACCEPTED 1i BIOLOGICAL PRlODUCTION; /

ESTIMATED COST: ESIMATE APPROVED) By.

J.OtCNTOtWt.FOflWAIID ALL COPICS TO !'IAECTOR. I COPY TO PRODUCTION CONTROLVIOLOGICAL P11OOUCUION. 3 COPIES TO OE IIETAINCO BY DIRECTOR. DIOLOCICALt. iniCT011. I'IOIOr~ICXI PnODUCTION WILL $IUPPLY ESTI. PRODUCTION.
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.Index 6

B DOLOGICAI1 iZS211'G PTO~CfEifl

a Ha6 rol,

K.SA!1PIaS

* Final contztiner s~1sof co.-pcted product shall be tested.
*Inivdu.lsamples having a lot, net weight. sh~all be pooled3 atI*the tirz of toesting in order to attain an aidequate sarple mmight.

-u .of dried poutobtained frm oe or ror

A ninixu of lOmg.poutfoioe mr
Ainal conta2iners shall b2 itsed. T-he test e-a~ll consist of dater-
aining.tba- vaiqht, loss of the szmple Cs) due to drying for 72. hour-s

- .. .- under vacuuma over phosphorous pentoxide.

A. JPcc-,--renaed rt'atexials and egjuiprnent: . *

.1. Umbrered, lo;t' forn, flat-bottoml weighing'dishes uith
Well-grjn gls zt~ppr

2. Vacuira desiccator equipp--d %with a vacuum-. pu~k and an

uncalibrated uanoze-=ter

* .. . Balance capabl-i of zccurate readalu%1ility to 0.1 rzg.

*4. Leow humidity rco..' equipped with hygro-metcr and maintained
at a relative huaidity of 0 -1M0. All operations are

* performad in this room.

5. Desiccator jar equi~peed with silica gel drying agent wi5th
Indicator

-B. Method:

1. Thorot:ghly cleanea wei4;ping dishes shall be dried by hand
and storcd in the lot! hiwmidity rooma for 24 hours prior to
ujse. Norn: All equirpmcnt is kept in the loiw hiuridity

* roo.-A at all ti=.e;e.

2. Vnc v a-cihi-ng dishes shall be w:eigh.-A as riipidly ;,s possible.

or Ohile wtezsring tj1ovas,
u~k. %
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In4ex 6 (cont.)

• .*

Do Va~thodl (Con'd au .a-)

3. The vacexi in the sapple bottle shall be released by allow.-
ing dry air to enter slow:ly through a needle inserted in
the stoppzr.

4. The sto•pne shall be rer=;ed and the sa=,ole plug bro:ken
-up with a spatula. "

S5. Te s:p2le shali be rapidly transferred to a previously
-. weighed and marked weighing dish and covered with its lid.

G6 After all transfers have been co.apleted, the weighing dishes
with their contents shall be v.eighed iredialtely.

.7. The s•a-les and the veighing dishes with the lids set
* "• perpmnaicul-r to the no•nal position shall be placed in

- . .'the vacurm desiccator. The pressure shall be reduced as
""anea by sealing the desiccator.

8o' After 72 hoL-rs of drying ti.; dry air is allo.;ed to continually
Sblood into the desiccator until the pressure inside has beenT . equalized with tha atmosphere.

9. The lids shall be i=ediately replaced in the norm-al closed
* ~~~POsition.. . .-

* 10.. The voeighing dishes containing the swmles shall be rm-oved
- individually from the desiccator and weighcd as rapidly as

* possible.

-11. All swmalcs are to be tested in duplicate and run vith a
standard in each desiccator.

C. Calculations:

"1. RLecord v:eijhts in Steps 2, 6, and 10.

2. ileigbt in Step 2 cequals tare weight of dish.

3. (1cight in Step 6) rinus (weight in Step 1) equals weig.ht
of saZIpIe before assaoy

4. "1.'ight in Step 6) m..nus (%:eight in Step 10) equals wcicjht
""quivalent to residual roisture of sw'%ple.

- , "[ S. (Ileght cjt:ivalent to mo.l.turce) divided by (uedght of a.rle)
- tiv:es 100 cequals ihe percentage of residual oisnture.

. ...
- -. .r • • -Zr~X--l±V'-T- ~ -< t-
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As Final container sapIpC-s ofCaltdpoues~lbe 
use~d.S~~Ple weight shall be 1.00 to 1, 000 rgj.

a. If OnlY one sa-nple Is. testecd, ih Seri-alorsbeilstnsatisfactozr, if the noistuz-e oren e ubceeds Is~ o
V.- accinos only. Uecnt.I xed .1 o

C- C.If i~1determination is grecater than 2. 0%, a repeatetlaustbe done. 
t4 4 -

* I .T e ep~ t t st u3.~ .consist of fou. e ei d atoC r unn In
'AV1icteon t'to sqpc:iys. c

* OU ~ ~ zX.S a 14e lot 'dill Onl1y b osdrc
ý- ~~ -YS-b oi e e

* S :ati '2aco0  if, no values o'n repeat aeteruinations are above the* ~~~2.0t unrit and the av'erage, of a,., Vi ee ntosi eo* ~~t h e 2 .0 t u n i t .. 
: . . * - . . : - . -

*>In the event- th1a One, of the tti-O detexnination ii oV'Ar 2.0Z.a xetcst will be done.

Ike repzat te*t ;?ill consist of We- daterrdnations. %ne lotW11-1 Only ba Considered ec-ti~r--c*o!.7 if no valUes on repeat**detcorziu-ati~ons r aboveth
C3O Uni -an the averav of' .61Ll four daterninations is below the 2,0% limit,

*'Oncvc IS alv:ays assayed on the 1Neisture N-Onitor.

M.Oly the C0ontent of one vial 1s used,2.- Ilhe sanpi iszn~2,nth ir~lC (accuracy to

3. Szn!Plc is tested in triplicate.

*4. Calculation:

1ý2i~tjce Exitor reacdin. rqn

-~~~ ~ Uot -- z 00;I oisture

1;122/70
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Index 7

Determination of Chloride in RCM6 or R018

(based on a modification of Swain, J.S.,
Chemistryand Industry. 1956, pp. 418-420)

I. Preparation of Standards

A. Weigh 2.103 gms of C.P. XCI into a 1-liter volumetric flask, dissolve and
dilute to mark with RCM2, thus preparing a solution containing 1000 mcg/ml C1l.
Dilute appropriately with RC'42, using volumetric pipettes and flasks, to obtai-
standard solutions containing 20, 22.5, 25, 27.5 and 30 mcg/ml Cl-.

II. Preparation of Samples

A. Using volumetric pipettes and flasks, dilute 5.0 ml of samples to 1000 ml
with RCN2. Since RCM6 and RCM8 each theoretically contains 5368 mcg/ml Cl-,
this will give a solution of the sample containing approximately 26.84 mcg/
ml C1-• i

III. Chemicals Used

Acetone, ACS Reagent Grade
Methanol, ACS Reagent Grade

L Yerric Alum, C.P.
Nitric Acid, Conc., C.P.
Miercuric Thiocyanate (may be Fisher Certified or made from C.P. Bg(N03) 2 and

C.P. KSCN)
RCM2 (glass distilled water)

IV. Preparation of Reagents - for Beckman DU Procedure

A. Hg(SCN) 2 - Dissolve 300 mgs of H. in 100 ml methanol. Filter if
necessary.

B. Ferric Alum - Dissolve 6.0 gms Fsr Alum in 100 ml 6N nitric acid (39
ml conc. nitric acid plus 61 ml RCz..). Filter thru fine sintered glass.

V. Procedure - Beckman DU

A. In a series of 6 x 7/8" test tubes, pipette 5.0 ml of RC12 (for 0 blank),
standard solutions and replicate sample solutions. To each tube add 5.0 m!t
of acetone. Mix. Add 1.0 ml ferric alum reagent. Mix. Add 1.0 ml
Hg(SCN) 2 reagent. Mix, let stand 15 minutes and read A470. Plot data
and calculate concentrations in the usual way.

VI. Preparation of Reagents - for Spectronic 20 Procedure

A. Hg(SCN) 2 - Dilute one volume of the J1g(SCN) 2 solution described above with
9 volumes of acetone.

B. Ferric Alum - Dilute 2 volumes of the ferric alum reagent described above
with 3 volumes of RCM2.
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VII. Procedure - Spectronic 20

A. In a series of 6 x 7/8" test tubes, pipette 5.0 ml of R012 (for 0 blank).
standard solutions and replicate sample solutions. Add 5.0 ml of ferric
alum reagent, mix. Add 10.0 ml Hg(SCN) 2 reagent, mix. Let stand 15 mi.
and read at X470. Plot data and calculate concentrations in the usual W.:

VIII. Notes

A. The optical density scale of the Spectronic 20 is so constructed that
readings can be made much more accurately in the 0.05-0.3 region than in
the 0.3 to 1.0 region. This is not true to a significant degree with the
Beckman DU. Accordingly, the procedure used with the Beckman DU has bee-
modified for use with the Spectronic 20. The latter procedure has only 2I
the sensitivity of the former but is quite usable.

B. The color developed in this procedure is quite stable; there is a loss o:
approximately 1Z in a 45-minute period following the usual reading time.

C. This method is not affected by even large concentrations of phosphate.

IX. Calculations

A. For physiological saline (RCM6) and phosphate buffered physiological salin.
use the following:

1. Average reading of sample x 200 (dilution) x 27.5 =mcg Cl- in sample,
average reading of 27.5 standard.

2. Cl- 60.8% of the weight of the NaCl molecule.

I

1I

"F
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Index 8

Heningococcal (type A) Hlemagglutination Procedure

Reagents

Human 0, Rh negative red blood cells (Behringwerke diagnostics - type-a-cells
35 kit)

RCM8 - store at 40C
Bovine serum albumin 10% (sterile) store at 40C
Meningococcal antigen (polysaccharide) stored at -70°C; thawed at 370C
Cooke Microtiter plates and seals
Hicrotiter loops (0.05 ml)

Procedure

1. Wash human 0 negative red blood cells three (3) times in RCM8.
2. Resuspend after final wash to 2%.
3. Add appropriate amount of antigen (determined by grid titration) to the cells.
4. Mix thoroughly, incubate 30 min. (or longer) in 370 C water bath, mix and invert

every 5-7 minutes.
5. Wash RBC-antigen three (3) times in RCH8 and resuspend to a 0.5% suspension in

RCM8.

6. Add bovine serum albumin to a final concentration of 0.5Z w/v. (1 ml of 102 BSA +2"
ml rbd-antigen).

a. Defrost sera, heat at 560 C for 30 minutes.

b. Prepared serial 2-fold dilutions (1:2 - 1:2048) in. RCM8.

c. 0.05 ml RBC-antigen suspension is added to each well.

d. Miý gently.

e. Incubate plates 2-4 hrs. at 40 C, 20 minutes at room temperar", . nd then
read for HA.



M E,:RCK SHARP & DOIWAE -70- BIOLOGICAL WORK ORDER
"MECK SIIARP & DOMIME RESEARCII LABORATORIES Index 9
Division of Merck & Co., Inc. 0324

BIOLOGICAL PRODUCTION, MS&D 8119171

-Ro6 Dr. P. Vella DEPT. No. ACCrO CHARGES:I J 1@P9FCIrV ACCT. NO.C rus & Cell Biclog, Research 874 O og @do€ 88-807-126
DESCRIPTION OF WORK REQUESTED:

,PRODUCTION

Please arrange for filling, lyophilization, labelling and packing into separator-type
boxes the following lots of Meningococcal type A polysaccharide vaccine.

1. Lot 439, C-A453, L-675, 786-00B01.
2. Lot 440, C-A455, L-675, 786-00B02

The sterile solutions of the type A polysaccharide will be at a concentration of 1.25 .ng/ml.
The number of vials ( *3100-1200 for each vaccine; 2.0 =1 fill), vial sizes procedures and
requirements etc. will be the same as those used for the eight lots of type C poly-
saccharide prepared recently. The material will be available by September 13.

Approtieee copies of ndtebook records, vith dates, procedures etc. used for the filling
and lyophilization of these lots are requested.

Note: 'The lyophilization cycle should be "cleared through appropriate Walter Reed Army
Institute Personnel. The lyophilized product should be stored At -200 C.

... .. * : ...-. .-
copy of the label requirements has been *attached to this work order. .

S. . . . - " - - o - . -. . " , :- . . . . ' • - -.-. - . • -. "- • .

• ~~~~~~~~~~~~~~~~~~~~~. . .. •.... .. ........-. ..- . ...-.- ,:.''...!"-..-......"".-•. --..

"",.. . . - . : . . . ". . ". -- . .a.- . ' . :: ; - ..- " . . - ' . " . . " .

ORIGINATED BY'~

If ESTIMATED COST is LESS THAN S - THIS REQUEST
IS VALID WITHOUT FURTHER APPROVAL. ACCEPTEV YDOOIA RDCIN

ESTIMATED COST: ESTIMATE APPROVED ST.

.ORIGINATOR WILL FO.WARD ALL COPIS TO DIRECTOR.. . S cO _ T P T CONTROL

IOLGICA P.-DUC"I. . •." . COPIES TO GE RETAINED 5T DIRECTOR. BIOLOGICAL
.DIRECTOR. .oLor.ICAL P ..ODUCTION WILL SU'PLY ESTI.- . PODUCTION.
MT I E I • TA S T . .L IF ESTIMATE EXCEEDS STIPULATED AUTHORIZATION

3RETURN COMPLETE SET TO ORIGINATOR FOR NECESSARYATION. DIStIOU: COPItS AS FOLLOWS:i APPROVALS WHEN TDESE ARE 011TAINCO. SET 1 PIE-
-ORATO TOI OFnwIU.OTE WLL OIE OInARED RCTORC TURNED OPTO DIRCISR. O IOLOGICAL PRODUCTION FOR

"R"SEARCis AIRT. WEST POINT) OUISTOIDUTION AS OUiLINU T IN PARAGRAPH 3.
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- C.- Diluent for Resuspension of Meningococcal Polysaccharide Vaccines, Types
A and C.

Four lots of pyrogen-free distilled water sufficient to rehydrate 548,000
doses of meningococcal polysaccharide vaccines, types A and C, were pre-
pared and delivered to Dr. Artenstein, WRAIR. These were without pre-
servative. They were identified as follows:

1) lot 440064/20438/C-A487 (sufficient to rehydrate
105,550 x 0.5 ml doses).

2) lot 437717/18327/C-A484 (sufficient to rehydrate
141,200 x 0.5 ml doses).

3) lot 437718/18328/C-A458 (sufficient to rehydrate
171,750 x 0.5 ml doses).

4) lot 440065/20440/C-A590 ( sufficient to rehydrate
130,000 x 0.5 ml doses).

Certificates of Analysis presenting the control test results for each of the
lots of diluent were provided to Dr. Artenstein along with the supplies.

----------


